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CROSS-LINKING OLIGOMJCLEOTID 

^ P CROSS REFERENCE TO RELATED 

APPUCAHONS 5 

This applicatioQ is a continuadoD of application Set. No. 
08/049.807. filed Apr. 20. 1993. now abandoned which is in 
turn a continuation of applicaiion Scr. No. 07/353.857. filed 
May 18. 1989, now abandoned, which in turn is a 
continuation-in-part of application Scr. No. 250,474. filed on 
Sep. 28. 1988. 

'^\) BACKGROUND OF THE INVENTION 

This invention relates to nucleoside aoss linkin g agents 
and to the use of these compounds in the preparation of 
oligonucleotides. It also relates to derivatives of pyrazolo 
f3,4-<llpyrimidine which arc usefiil as nucleic acid bases for 
the preparation of oligonucleotides. 

Oligonucleotides arc useful as diagnostic probes for the ^ 
detection of 'Wget" DNA or RNA sequences. In the past, 
such probes were made up of sequences of nudeic acid 
containing purine, pyrimidine or 7-dcazapurine nucleotide 
bases (U.S. PaL No. 4.711.955; Robins ct al.. J. Caru J. 
Chcm^ 60:554 { 1982); Robins et aL. J. Org, Chern^ 48: 1854 ^ 
(1983)). The method for attaching chemical moieties to 
these bases has been via an acetoxy-mcrcuration reaction, 
which introduces covalenily bound mercury atoms into the 
5 -position of the pyrimidine ring, the C-8 position of the 
purine ring or the C-7 position of a 7-dca2apurine ring (Dale ^ 
et al.. Proc. NatL Acad. Sci USA, 70:2238 (1973): Dale cl 
al., 3iochemistry\ 14:2447 (1975)). or by the reaction of 
organoraercurial compounds with oleftnic compounds in the 
presence of palladium catalysts (Ruth et al.. J, Org, Ch^m^ 
43:2870 (1978); Bcrgstrom ct aL. J. Am, Ch^m. Soc, 
100:8106 (1978); Bigge et aL. 7. Anu Chem, Soc 102:2033 
(1980)). 

The sugar component of oligonucleotide probes has been, 
until the present, composed of nucleic acid containing ribosc 
or dcoxyribose or. in one case, namral ^arabinosc (patent ^ 
publication EP 227.459). 

A novel class of nucleotide base, the 3.4-disubstituted and 
3.4.6-trisubstituted pyrazolo(3.4-d]-pyTimidines. has now 
been found which offers several advantages over the prior 
art. The de novo chemical synthesis of the pyrazolopyrimi- 45 
dine and the resulting nucleotide allows for the incorpora- 
tioD of a wide range of functional groups in a variety of 
different positions on the nucleotide base and for the use of 
different sugar moieties. Also, adenine, guanine and hypox- 
ajnthine analogs arc obtained from a single nucleoside pre- 50 
cursor Additionally, the synthesis does not require the use of 
toxic heavy metals or expensive catalysts. Similar pyrazolo 
f3.4-d]pyrijmdines arc Imown (Kobayashi, Ch^m, Pharm. 
BulU 21:941 (1973)); however, the substituents on the group 
arc different from those of the present invention and their 55 
only use is as xanthine oxidase inhibitors The concept of 
crosslinlcablc nucleotide probes for use in therapeutic and 
diagnostic applications is related to the pioneering work of 
B. R. Baker. "Design of Active-Sitc-Directcd Irreversible 
Enzyme Inhibitors." Wiley. N.Y, (1967), who used what « 
was termed "active-site -directed enzyme inhibitors" in chc- 
mocherapeutic applications. 

In recent years, the concept of incorporating a crosslink in 
an oligonucleotide has been sporadicaUy discussed in efforts 
to develop superior sequence probes. Knorre and Vlassov. 65 
Prog. NucL Acid Res. hioL BioU 32:291 (1985), have 
discussed sequence-directed cross-linking ("complementary 
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addressed rnodificatioo") using an N-(2-ctUorocihyl)-N- 
mcthytaniUnc group attached lo cither the 3'- or 5 ^-terminus 
of oligOQudeotides. Summerton and Bartlca. J. MoL BioL 
122:145 (1978) have shown thai an &-atom chain, attached 

5 to a cyiosinc residue at its C-4 posiuon and terminating Lq 
the highly reactive bromoraethyl ketone group, can crosslink 
to the N-7 of guanosine. 

Webb aiid MatteuccL Nucleic Acids Res^ 14:7661 ( 19S6). 
have pr^arcd oligonucleotides containing a 5-mcthyl-NJ^- 

10 ethanocytosine base which is capable of slow goss linkin g 
with a complcraentary strand. In a conceptually related 
alkyladon via a linker ann within a DNA hybrid. Iversoo and 
Dcrvan, Proc. Natl. Acad, ScL USA^ 85:4615 (1988). have 
shown opposite strand methylation, triggered by BrCN 

15 activation of a methylthio ether, predominately on a guanine 
base located two pairs from the base bearing the linker. 

Oligonucleotides may be used as chemothcrapcutic 
agents to control the expression of gene sequences unique to 
an invading organism, such as a virus, a fungus, a parasite 

^ or a bacterium. In nature, some RNA expression in bacteria 
is controlled by "antisensc" RNA. which exerts its effect by 
forming RNAJ^sfA hybrids with complementary target 
RNAs and modulating or inactivating their biological activ- 
ity. A variety of recent studies using plasmid vectors for the 

^ introduction of antisensc RNAs into eukaryotic cells have 
shown that they effectively inhibit expression of MRNA 
targets in vivo (reviewed in Green, et al.. Ann. Rev. Biocherru 
55: 569-597 (1986)). Additionally, a specific mRNA 
amongst a large number of mRNAs can be selectively 

^ inactivated for jH-otcin synthesis by hybridization with a 
complementary DNA restriction fragment, which binds to 
the mRNA and prevents its translation into protein on 
ribosomes (Paterson. et al.. Proc, NatL Acad, Set 74: 
437CM374 (1977); Hastic ct al.. Proc. NaU, Acad. Sci 75: 
1217-1221 (1978)). 

In the first demonstration of the concept of using 
sequeiKX-spccific, antisensc oligonucleotides as regulators 
of gene expression and as chemotherapeutic agents. Zamec- 

^ nik and Stephenson. Proc. NatL Acad. Sci USA, 75:280 
(1978), showed that a small anCisense oligodeoxy nucleotide 
probe can inhibit replication of Rous Sarcocna virus La cell 
culture, and that RSV viral RNA translation is inhibited 
under tbesc conditions (Stephenson ct al., Prvc. NatL Acad, 
ScL USA 75:285 (1978)). Zamccnik et al,. Proc. NatL Acad. 

^ ScL USA, 83:4143 ( 1986), have also shown that oligonucle- 
otides complementary to portions of the HIV genome arc 
capable of inhibiting protein expression and virus replication 
in ceil culture. Inhibition of up to 95% was obtained with 

^ oligonucleotide concentrations of about 70 jiM. Importantly, 
they showed with labeled pho^hate studies that the oligo- 
nudcocides enter cells intact and arc reasonably stable to 
metabolism 

Uncharged methylphosphonatc oligodeoxy nucleotides 
55 with a sequence complementary to the initiation codon 
regions of rabbit globin mRNA inhibited the translation of 
the mRNA in both cell-free systems and in rabbit reticulo- 
cytes (Blake et aL, Biochemistry 24:609 (1985)). Another 
uncharged methylphosphonatc oligonucleotide analog., an 
^ 8-nuclcotide sequence complementary to the acceptor splice 
juoctioa of a raJRNA of Herpes simplex virus. Type 1. can 
inhibit virus replication in intact Vero ccUs. However, fairly 
high concentrations (>25 mM) of this noniooic probe were 
required for this inhibition. 
65 Alrbough the impact of crosslinking oligonucleotides in 
the chemotherapeutic held might be of great significance, 
their im^)act in DNA probe-based diagnostics is of equally 




great importance. The abiiiry to covalcotly crc^^^probc- 
targct hybrids has the potcotial to dramatic^^^aprovc 

background and sensitiviry limits in diagnostic assays as 
wcU as permit novel assay formats. Specific innovations 
(discussed previously by Gam|>er ct al.. NucL Acids Res.. 14. 5 
9943 (1988)) include: 

(a) Lacorporation of a denaturing wash step to remove 
background; 

fb) use of the aosslink as an additional tier of discrimi- 

- 10 
nation; 

(c) aosslinking occurring at or near the naclting tempera- 
ture of the expected hybrid to insure exquisite speci- 
ficity and to substantially reduce secondary stniaurc in 
the target, thereby increasing the efficiency of hybrid 
formadoa; and 

(d) novel solution hybridization formats as exemplified by 
the Reverse Southern protocol. 

The concept of aosslinking. however, suggests potential 
problems that must be circumvented. For instance, the , 
oligonucleotide containing a crosslinking arm might 
covalendy bond to the target sequence so readfly that 
mismatching of sequences will occur, possibly resulting m 
host toxicity. On the other hand, the crosslinking reaction 
must be fast enough to occur before correctly matched ^ 
sequences can dissociate. 

This issue can be addressed by constiucfing an oligo- 
nucleotide Aai, upon hybridization, results in a duplex 
whose is just above the physiological temperature of 37* 
C. Thus,'cven a single mismatched base wiU prevent hybrid 
fotmadoQ and therefore crosslinkage. The optiraizadon can 
be accompUshed by judicious choice of oligoaucleoddc 
length and base composidon. as weU as position of the 
modified base within the probe. TTic probe must be long 
enough, however, to insure specific targeting of a unique 
site. 

European Patent Application No. 86309090.8 descnbes 
the formation of chemicaUy modified DNA probes such as 
5-substituted uridinyl in which the subsutuenl docs not 
a-osslink but contains a chemical or physical reporter group. 1 
W087a7611 describes a process for labeUng DNA frag- 
ments such as by chemically modifying the fragment fol- 
lowed by reaction with a fluorescent dye. Yabusaki ct al. in 
U.S. PaL No. 4.599303 disclose a scheme for covalendy 
crosslinking oUgonuclcotides such as by formation of furo- 
coumarin monoadducts of thymidine which arc made to 
covalendy bond to other nucleotides upon photoexcitation. 
EP 02591 86 describes adducts of raaaomolccuics andbiotin 
which can be used as crosslinking nucleic acid hybridization 
probes. WO8503075 describes crosslinking disuifonic esters 
useful as nucleic add fragmentation agents. DE33 10337 
describes the covalcnt crosslinking of single-stranded poly- 
nucleotides to such macromolecules as proteins widi die 
resulting complex subscquentiy used as a marker in hybrid- 
ization experijnents in the search for complementary 
sequences in foreign polynucleotides. 

A need exists for probe oligonucleotides, consisting of 
sufficient base sequences to identify target sequences widi 
high specificity, that are provided with one or more 
crosslinking arms which readily form covalent bonds widi 
specific complementary bases. Such oUgonudeotidcs may 
be used as highly selective probes in hybridization assays. 
The oligonucleotides may also be used as anliscnsing agents 
of RNAs, e.g., in cbcmodierapy. 

SUMMARY OF THE INVENTION ^ 
This invention is directed to aosslinking agents which 
accompUsh crossUnfcing between specific sites on adjoining 
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strands of oUgoouclcotidcs. The aosslinkiog rcactioo 
observed is of cxccUcat specificity. The iavcQtioQ is also 
dixcacd to oligonucleotides comprising at least one of these 
crosslinking agents and to the use of the rcsulciiig novel 
oLigooucicotides for diagnostic and therapeutic purposes. 

More particularly, the cross! inking agents of this inven- 
tion arc derivatives of nucleotide bases with a cross linking 
arm and are of the following foanula (T): 



10 



R,-B-(CH,),-00,-<CH,X.-A' (T) 



15 



wherein, 

is hydrogen, or a sugar moiety or analog thereof 
optionally substituted at its 3' or its 5* position with a 
phosphorus derivative attached to the sugar naoicty by an 
oxygen and including groups Qi and Q3, or with a 
reactive precursor thereof suitable for nucleotide bond for- 
mation; 

20 Qi is hydroxy, phosphate or diphosphate; 
is=0 or =S; 

is CH,— R'. S— R'. 0— R. or N— R^R'; 
each of R' and R" is independently hydrogen or Ci^alkyl: 
^ B is a nucleic acid base or analog thereof that is a 
component of an oligonucleotide; 
Y is a functional linking group; 
each of m and q is independently 0 to 8, inclusive; 
r is 0 or 1; and 
A* is a leaving group. 

The invention also provides novel oligonucleotides com- 
prising at least one of the above nucleotide base derivatives 
of formula P. 

Nucleotides of this invention and oligonucleotides into 
which the nucleotides have been incorporated may be used 
as probes. Since probe hybridization is reversible, albeit 
slow, il is desirable to ensure that each time a probe 
hybridizes with the correct target sequence, the probe is 
irreversibly anached to that sequence. The covalent 
crosslinking arm of the nucleotide bases of the present 
invention will permanently modify the target strand, or 
cause dqjurination. As such, the oligonudcotidcs of this 
invention arc useful in the identification, isolation, localiza- 
tion and/or detection of complementary nucleic acid 
sequences of interest in ccU-frec and cellular systems. 
Therefore, the invention further provides a method for 
identifying target nucleic acid sequences, which method 
compriLses utilizing an oligonucleotide probe comprising at 
least one of a labeled nucleotide base of the present inven- 
tion. 

This invention also provides novel substituted pyrazolo 
[3,4-iJpyiimidines which arc useful as a nucleotide base in 
preparing nucleosides and nucleotides, rather than the natu- 
ral purine or pyrimidinc bases or the deazapurinc analogs. 

\> ^ BRIEF DESCRIFnON OF THE DRAWINGS 

FIG. 1 dcpias a modified deoxyuridinc residue of an 
oligodcoxy nucleotide crosslinked */ia an acctamidopropyl 

60 sidearm to a dcoxyguanosinc residue located two sites away 
firom the complementary base along the 5* direction. 

HG. 2 depicts an autoradiogram of Labeled HPV 
target and crosslinked product following cleavage at the 3* 
side of the crosslinked guanosinc. Lane 1: 32P- labeled 

&5 15-mcr size marko-. Lane 2: 24 hour reaction at 20* C Lane 
3: 72 hour reaction at 20** C. Lane 4: 24 hour reaction at 30** 
C Lane 5: 72 hour reaction at 30** C. Reactions were 
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gHTed with 2-aniinocthanothiol aod treated with p>^^ 

dioe sol 00 to cffea cleavage. 

no. 3 depicts an autoradiogram of 32P Ubeled HPV 
target and crossUoked product showing hybrid ^cpanuoQ by ^ 
denaturing polyacrylamide gel electrophoresis. Lane 1: Cot^ 
ao -P-Sd CMV target. Une 2: 24 hour reacao. at 20 
^ C Lane 3: 72 hour reaction at 20' C Ume 4: 24 ho^ 
reaction at 30' C Lane 5: 72 hour reaction at 30 C 
Reaction solutions were treated with 2-amiaoethanothioL lo 
which quenches the iodoacetaimdo group. 

5^ ^ DETAILED DESCRIPTION OF THE 
INVENTION 

This invention provides novel substituted nucleotide 
bases with a crosslinking ana which arc useful in prepamg 
nucleosides and nucleotides and are useftil as aossUr^g 
agents. The substituted bases are of the foUowing formula 

(T): 

r,_b-<c:h,),-0O,-(CH,)„-a- ^ 

"tt" hydros"- « ^ "^^'^^ " *r! 

optionally substituted at its J or its 5' pos.uon with 
=^3 ^osphoois derivative attached to the sugar moiety by an 

TxySa and including groups Q. Q. and Q or with a 
Sve precursor thereof suitable for aucleoade bond for- 30 
matioo; 

is hydroxy, phosphate or diphosphate; 
O, is =0 or =S; 

Q;isCH,-R'.S-4^'.0-R--o^N-'^'^"- 35 
each of R- and R" is independently hydrogen or C.^allcyl. 
B is a nucleic add base or analog thereof that is a 
component of an oUgonudeoUde; 

Y is a ftinctioDal linking group; 40 
each of m and q is independendy 0 to 8. inclusive; 

r is 0 or 1; and 

i rpSo^e%reseat invention, the sugar moiety 
or analog thereof is selected from those useful as a co^ 45 
oent of a nucleotide. Such a moiety may be selected from. 
Texample. ribose. deoxyribose. pentose, deox^ntose 
hexose. Lxyhexose. glucose, arabinose. pentofurano c 
xvlose lyxose. and cydopentyl. The sugar moiety is pref- ^ 
Si" rSs- d-oxyribose. arabitiose or r-O-methylribose 
and embraces either anomer. a or p. • ^ 

The phosphoms derivative atuched to the sugar moiety «s 
convenienUy selected from, for example. <^on°phosph^e. 
diohosphate. triphosphate, alkyl phosphate. 53 
ilSn^honate. ^osphorothioatc. phosphorodithioatc. 

and the like. 



and me liKe. , . . ^ 

A reactive precursor suitable for miemudeoudc bond 
foraatioa is one which is useful during chain extension u. ^ 
*e synthesis of an oligonudeotid<u Reactive groups P«- 
ticuUriy useful in the present invendoo are those contaimBg 
phosphorus. Phosphorus-contaiiiing groups smtable f« 
fnternudcotide bond formation are preferably alkyl 
5,':;°h":!SSdites. alkyl phosphites or aUcylphosphor. « 

Jes. Alternatively, activated phosphate diesters may be 
employed for this purpose. 
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^HXicleic acid base or analog thereof (B) may be chol^ 

from Che puriocs, the pyrimidiDcs. the dcazapuriocs aod the 
pyrazolopyrimidliflcs. Ii is preferably selected from uradl- 
5-yI- cyTosiD-5-yl. adeaiii-7-y!. adcQiD-8-yL guaxiin-7-yl. 
^ guanin-S-yl. 4-aminopyrTolo(2J-dJpyrimidin-5-yl. 
2-amiao-4-oxopyrrolo|2.3-dlpyrimidiD-5-yl. 
4-aminopyra2olo[3.4-d]pyrimidin-3-yI or 4-amiDO-6- 
oxopyra2olo[3,4-<lJpyiimidia-3-yl. where the purines are 
10 attached to the sugar CDoicty of the oligooucleotides via the 
9-position. the pyrimidiocs via the 1 -position, the pyrrol- 
opyrimidincs via the 7-positioa and the pyrazolopyrimidioes 
via the 1 -position. 

The fu actional h'nking group Y may be chosea from 
oucleophiUc groups such as oxy. thio, amino or chemically 
blocked derivatives thereof, for example trifluoroacetamido. 
phthalimido, COKR*. NR'CO. and SO^NR'. where R*=H or 
Ci^alkyL Such functionalities, including aliphatic or aro- 
2Q matic amines, exhibit nucleophilic properties and arc 
capable of serving as a point of attachment of the — (CH^) 
m — A' group. Amino groups and blocked derivatives thereof 
arc preferred. 

The leaving group A' may be chosen from, for example, 

25 such groups as chloro, brorao. iodo, SOJ^'". or S'*T^*"R"'', 
where each of R"* and R** is independently Cj^alkyl or aryl 
or R'" and R"" together fonn a Cj^alkylcnc bridge. Chloro. 
bromo and iodo are preferred. The leaving group will be 

^ altered by its leaving ability. Depending on the nature and 
reactivity of the particular leaving group, the group to be 
used is chosea in each case to give the desired specificity of 
the irreversibly binding probes. 

Examination of double- stiaadcd DNA by ball-and- slick 

33 models and high resolution computer graphics indicates that 
the 7-positioo of the purines and the 5-positioa of the 
pyrimidines lie in the major groove of the B-form duplex of 
double- stranded nucleic acids. These positions can be sub- 

^ stituted with side chains of considerable bulk without iatcr- 
fering with the hybridization properties of the bases. These 
side arms may be introduced either by dcrivatization of 
dThd or dcyd. or by straightforward total synthesis of die 
heterocyclic base, followed by glycosylation. These modi- 

45 fied nucleosides may be converted into the appropriate 
activated nucleotides for incorporation into oligonucleotides 
with an automated DNA synthesizer. With the pyrazolo(3. 
4-d] pyrimidines. which are analogs of adenine, the 
crossiinking arm is attached at the 3-position, which is 
equivalent to the 7-position of purine. 

The crossiinking side chain should be of sufficient length 
to reach across the major groove from a purine 7- or 
3-positioa. pyrimidinc 5-position. pyrrolopyrimidine 

55 5-position or pyrazolopyrimidlne 3 -position and reacting 
with die N-7 of a purine (preferably guanine) located above 
(on the oligomer 3*-side) the base pair containing the coodi- 
fied analog. Thus, the side chain should be of at least three 
atoms. {H-eferably of at least five atoms and more preferably 

^ of at least six atoms in length. A geaerally preferred length 
of die side chain is from about 5 to about 9 carbon atoms. 

To optimize strand crossiinking. it would be desirable to 
have the target strand base which is being attacked paired to 

^ the first or second base which is on the 3* side of the modified 
base in the oligonucleotide containing the crossiinking arm. 
For example, in the case where the target strand base under 
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attack is a guaoinc, the target sequence for a probe cooiaia- 
ing a modiiied uracil should contain the complement G2A 
(preferably GGA). where Z is any base, with the probe 
oligonucleotide containing \J2XZ (preferably IJCC). where 
ii is dUrd 5-subsdtuted with the crossiinJdng arm. In oii- 
gonucleotidcs containing crosslinking adenine derivatives, 
for example, the adenine -modified ^2^C triplet would target 
GZ^T, where Z* is any base. 

It has been found that when the modified base containing 
the crosslinking arm is a uracO and the target sequence Is 
GGA, aikylacion of the second guanine on the target's 5' side 
of the crossIinJccr-modified base pair is the exclusive action 
observed (as shown in FIG. 1). The crosslinking reaction 
seems to be very specific for the "best fit" of electrophilc to 
nucle(^hile. i.e.. two or more guanine residues may need to 
neighbor the complement of the modified base to discover 
the site of aUcylaUon. 

Two classes of modified 2*-dcoxy nucleosides have dem- 
onstrated particular usefulness in the present invention for 
incorporation into oligonucleotides as sequence-directed 
aosslinking agents. The first class is the 5-substitutcd-2'- 25 
dcoxyuridines whose general structure is presented below: 



10 



15 



20 



HO 



A^(CH:),-(YV- 

J- J 



(CH2).-A" 




30 



35 



TTic 5-( substituted)- 2* -dcoxyuridines may be prepared by ^ 
the routes shown in Schemes 1 and 2. 



ScbeiXK 1 




CXX) 



HN 



HC^C-CCHjVj-V 



dooxyribose | py^Q^ 
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O 

^JL^ C =C-(CH2V2-^ 
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Scbeipe 1 
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deoxyribose 
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For example, ihc general procedure of Robins et al. {J. 
Caru J, Ch4:m^ 60:554 (1982); / Org. Chem., 48:1854 

15 (1983)) may be adapted, as shown in Scheme 1. to the 
palladium-mediated coupling of a substituted 1-aUcync 
(XXI) to 5-iodo-2'-deoxyuridinc (XX) to give the acetylene- 
coupled product (XXn). The acetylcnic dUrd analog XXH is 
reduced, widi Rancy nickel for example, to give the satu- 

20 rated compound (XXHI). which is then used for dirca 
conversion to a reagent for use on an automated DNA 
synthesizer, as described below. 



Scheme 2 

25 o 

H«C1 



HC=CH-(CH2V2-^ 



LU • 30 , 

ry deoxyribose I 

M POOV) \1/ (XXV) 



O OMe 
35 tl I 

^ CH -CHi - (CHi Vi - 

HN 
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I 

deoxyribose 




(XXVH) 

i 

(xxm> 

When 5-chloromercurio-r-deoxyuridine (XXIV) is used 
as a starting Compound, it cannot be directly coupled to an 
olefin group to give the olefinic compound (XXVH) by 
palladiurtt-catalyzcd coupling with ftinctioQaiizcd olefins. 
Instead, as shown in Scheme 2. a substituted alkcnc (XXV) 
and 5-chlororaercurio-2*^oxyuridine (XXIV) arc Reacted 
together with methanol to give the alpha-mclhoxy adduct 
(XXVI). which is converted to the olefinic compound 
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by crifluofoaceiic acid and trifluofoacctic anhy<^^ 
ReduaioD gives the sacurated compound (XXTH). to be 
coDVcncd to the DNA synthcsizer-rcady reagent as 
described below. 

The sccoQd class of modified oucleosidc is a group ot 
r-deoxy-4-aminopyrazolol3.4-dlpyriniidiDe dcrivauves^ 
The geocral stnjcturc of these derivatives is prcscoled 
below: 



m^ (CH^),-(Y).-(CH2)--A' 




HO 



10 



15 



20 



The above compounds arc derived from a dovcI group of 
derivatives of 3.4-disubstitutcd and 3.4.^trisubsUtutcd 
pyra2olo|3.4-dlpyriniidincs. The 3.4^-subslitutcd and 3,4. 
6-crisubstituied pyra20lol3.4-d)pyrinudines and their syn- 2^ 
thesis arc disclosed in coramoniy owned, copending appU- 
catioa Ser. No. 150.474. the catire disclosure of which is 
iBCOiporatcd herein by reference. TTiey have the foUowing 
formula (1): jq 




(D 



35 



40 



50 



wherein. , ^ 

R is hydrogen, or a sugar moiety or analog with a 
phosphorus derivative atuchcd to the sugar moiety by an 
oxygen and including groups Q, and Q,. or with a 
reactive precursor thereof suitable for nucleotide bond for- 
mation; provided that when R3 is hydrogen, then R cannot 
be hydrogen; 45 
Qi is hydroxy, phosphate or diphosphate; 

is =0 or =S; 
q] is CH.— R'. S— R'. O— R*. or N— R'R"; 
each of R* and R" is independently hydrogen or Ci.^alkyl; 
R3 is hydrogen or the group — -W— {X)„— A; 
each of W and X is indcpcndenUy a chemical linker arm; 
A is an intcrcalator. a metal ion chelator, an elcctrophilic 
crossUokcr. a photoactivatablc aossUnkcr. or a reporter 
group; 55 
each of R4 and R^ is independenUy H, OR. SR, NHOR- 

NH,. or miccH^);^^; 

R is H or Ci^ailcyl; 
n is zero or one; and 

t is zero to twelve. , 
The synthesis of 3.4^ubstitutcd and 3,4.6-tnsubstitiitcd 
pyra2olol3.4-4]pyrimidinc ouclcosi'^es and their use as 
reagents for incoq>onition into nucleic acids cither cazy- 
malicaUy or via chemical synthesis offers several advantages 
over current procedures. The dc novo chemical synthesis of 65 
the nucleotide allows for the incorporation of a wide range 
of functional groups (e.g.. KH,, SH. OH. halogen, COOH. 
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CN. COKHO and the use of diffcreoi sugar moieties. Also, 
adeoinc. guaaine. and hypoxanthine analogs arc obiaincd 
from a sioglc nucleoside precursor. And, the synthesis docs 
not rcquLre the use of touc heavy metals or expensive 
catalysts. 

In die practice of the present invention, the sugar moicry 
or its analog is selcacd from those useful as a component of 
a nucleotide. Such a moiety may be selected from, for 
example, pentose, dcoxypcntosc. iiexosc. dcoxybcxosc. 
ribose. deoxyribosc. glucose, arabinosc. pentofuranosc, 
xylose, lyxose, and cydopcntyl. The sugar moiety is pref- 
erably ribose. deoxyribose, arabinosc or Z-O-mcthylribosc 
and embraces either anoracr, a or p. 

The phosphorus derivative attached to the sugar moiccy is 
convcnicQily selected from, for cxam^)le, monophosphate, 
15 diphosphate, triphosphate, alkyl phosphate, 
aUcancphosphonate, phosphorothioate. pbosphorodithioate. 
and the like. 

A reactive precursor suitable for intcmucieoadc bond 
formation is one which is useful during chain extension in 
20 the synthesis of an oUgonucleotidc. Reacdve groups par- 
ticularly useful in the present invenUon arc those containing 
phosphorus. Phosphorus-containing groups suitable for 
intcrnucleotide bond formation arc preferably alicyl 
phosphorchloriditcs. allcyl phosphites or allcylphosphora- 
25 midites. Alternatively, activated phosphate dicstcn may be 
employed for this purpose. 

In the above formula L a chemical linker arm (W alone or 
together with X) serves to make the functional group . (A) 
more able to readily interact with anobodies. detector 
30 proteins, or chemical rcagenu. for example. The Linkage 
holds the functional group away from the base when the base 
is paired with another within the double-stranded complex. 
Linker arms may include alkylenc groups of 1 to 12 carbon 
atoms, alkenylene groups of 2 to 12 carbon atoms and 1 or 
35 2 olefinic bonds, aikynylene groups of 2 to 12 carbon atoms 
and 1 or 2 acctyienic bonds, or such groups substimtcd at a 
tcnrunal point with nuclcophiJLic groups such as oxy. thio, 
amino or chemically blocked derivatives thereof (e.g.. 
tiifluoroacctamido, phthalimido, CONR'. NR'CO. and 
40 SOjNR*. where R=H or C i^aikyl). Such functionalities, 
including aliphatic or aromatic amines, exhibit nucleophilic 
properties and are capable of serving as a point of attach- 
ment of the functional group (A). 
The linker arm moiety (W alone or together with X) is 
45 preferably of at least three atoms and more preferably of at 
least five atoms. The terminal nucleophilic group is prefer- 
ably amino or chemically blocked derivatives thcrtjof. 

Intercalators are planar aromatic bi-, tri- or polycyclic 
molecules which can insert themselves between two adja- 
50 cent base pairs in a double- stranded helix of nucleic acid 
Intercalators have been used to cause framcshift mutations 
in DNA and RNA. It has also recently been shown that when 
an intercalator is covalcndy bound via a linker arm 
C*tcthcrcd") to the end of a dcoxyoligonuclcotidc, it 
55 increases the binding affinity of the oligonucleotide for its 
target sequence, resulting in strongly enhanced slabiliiy of 
the complementary sequence complex. At least some of the 
tethered intercalators also protect the oligonucleotide 
against exonucicascs, but not against cndonuclcascs. Sec. 
60 Sun et al., NucUic Acids Res^ 15:6149-6158 (19«7); Lc 
Doan ct aL. NucUic Acids Res., 15:774^7760 (1987), 
Examples of tcthcrablc intercalating agents arc 
oxazolopyridocaibazolc, acridinc orange proflavine, acri- 
flavinc and derivatives of proflavine and acridinc such as 
65 3-a2ido-6-(3-bromopropylamino)acridinc, 3-amino-6-{3- 
bromopcntylamino)-acridinc, and 3-mctho.xy-6-chloro-9-(5- 
hydroxypcnty 1 amino)acridinc. 
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Otigooucicotides capable of CTOsslinkiug to the corapie- 
nacotary sequence of target nucleic acids arc valuable La' 
chemotherapy because they increase the efficiency of inhi- 
bition of MRNA translatioo or gene expression control by 
covaicnt attachment of the oligonucleotide to the target 5 
sequence. This can be accomplished by crossl inking agents 
being covaiendy artacfacd to the oligonucleotide, which can 
then be chemically activated to form crossUnkages which 
can then induce chain breaks in the target complementary 
sequence, thus inducing irreversible damage in the 
sequence. Examples of clcctrophilic cross Unking moieties 
include alpha-halocarbonyl compounds. 
2-chlorocthylamines and epoxides. 

When oligonucleotides comprising at least one nucleotide 
base moiety of the invention arc utilized as a probe in 
nucleic acid assays, a label is attached to detect the presence 
of hybrid polynucleotides. Such labcb act as reporter groups i 
and act as means for detecting duplex formation between the i 
" target nucleotides and their complementary oligonucleotide 
probes. 20 

A reporter group as used herein is a group which has a 
physical or chemical characteristic which can be measured 
or detected. Detectability may be provided by such charac- 
teristics as color change, luminescence, fluorescence, or 
radioactivity; or it may be provided by the ability of the* ^ 
reporter group to serve as a ligand recognitioQ site. 

The pyrazolopyriraidincs of the present invention of for- 
mula I where Rj is hydrogen may be prepared by the ; 
procedures outlined below and as set forth by Kobayashi in 
Ch^rru Pharm, BulL, 21:941-951 (1973). the disclosure of ^ 



i.y which is incorporated herein by reference. 



' (IT) cm) ^ ^ ^ 35 



CH,0— C=C(CN)2 — > 

(V) 




40 



45 



H^NOC R3 



H 

(vn) 



In general, tnalononitrilc (m) is treated with acyl halidc 
(II) in the presence of a base to yield acylmalononitrilc (TV). 55 
which is subsequently methylated with dittiethyl sulfate or 
diazomcthane. for example, to give the substituted mcth- 
oxymcthylenemaloaqnitrile (V). This compound is then 
reacted with hydrazine hydrate in boiling alcohol to give the 
3-substitutcd-5-aminopyrazole-4-carbonitrile (VI), which is 60 
treated with cold concentrated sulfuric acid to give the 
3-substitutcd-5-aminopyrazolc-4-carboxamidc (VII). 

The carfooxamide (VH) may alternatively be prepared by 
treating cyanoacetamide (XII) with acid halide (II) to give 
the acylcyanoacetaraide (XIII). which is then methylated, 65 
and die resulting methoxy compound (XTV) is reacted with 
hydrazine hydrate. 
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RjCOCl + CHi-C-KH: ^ 



I II 

HO-C=C-C-NHi > 

I 

10 CN 

pan> 

I II 

CHjO— C =C — C— NHi 
IS I 

CN 

HiNNHiJliO j 

20 y 

(Vn) 

Syntheses of pyTa2olol3.4^pyrimi<iin« arc accom- 

^ pl^hcd from *c pyrazolc '^^f^^^^"^ 
Thus. 3.4-disubsUtutcd pymolo(3.4-d]pyniTudmcs (Vm 
D X) arc obtained by seating the coticsponding and 

R \m vJ^th boiling fonnamide. Alteraaaveiy. VI may ^ 

«atcd with diXxyrtKihyl est« of a "rboxyUc aai J 
« r^m temperature or above room temperature, and then wi^ 
ImmomT!^ give vm and VH may be treated with 
Sx">^eS.y? «tcr of a carboxyiic acid (without subsc 
quent arnmooia treatment), at room tempcramrc or above 
temperature, to give compound X. 3.4.6-Tnsubsunited 
o3ol33^Hypyrimidii>« (K and XI) are obuincd by 
" L^bgTcotT^^g VI and VTI with urea and tl^^^^ 
h3o^C=R« (where R« ii 0 or S). Altemauve y. VI and 
vn my bTtreated with an a^^ 
i'--^ ^usTl ethyl xanthaic and with aUcyl hahde such^ 

i-* Si iodide, at a temperature above room temperature 

^ roUowcTby oxidation by a peroxide such as 
^XopcrJozoic acid (MCPBA) and subsequent trc^- 
Sent wirammonia to give K and XL respectively, where 
^ is NH^. 

H,N Rj i^* 
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The compounds of formuia I may be recovered from *e 
reSoo Sc in which they « formed by established 

" '"rSTSmpounds of formula I where R , is a sugar moiety 
the sugar may be either added to the 1-position of the 




pyrarac VI or vn prior to further crcatmcQi or added to mc 
1-positioQ of the pyra2olo(3.4-d|pyrimidiiic VTIL IX. X or 
XL To add the sugar, the pyrazolc or pyrazolopyriraidinc is 
treated with sodium hydride and theo with the glycosyi 
halide of the blocked sugar. 5 

OligODucleotidcs of the present invention may comprise 
at least one and up to all of their nucleotides from the 
substituted pyra2olo|3.4-dJpyriraidines of formula I and/or 
at least one and up to all of their nucleotides from the 
substituted nucleotide bases of formula I, 10 

To prepare oligonucleotides, protective groups are intro- 
duced onto the nucleosides of formula I or formula T and the 
nucleosides arc activated for use in the synthesis of oligo- 
nucleotides. The convCTsion to protected, activated forms 
follows the procedures as dcsoobcd for 2'-dcoxynucleosidcs 15 
in detail in several reviews. See. Sonveaux. Bioorganic 
Chemistry, 14: 274-325 (1986); Jones, in "Oligonucleotide 
Synthesis, a Practical Approach". M. J. Gait. Ed.. IRL Press 
p. 23-34 (1984). 

The activated nucleotides are incorporated into oiigo- 20 
nucleotides in a manner analogous to that for DNA and RNA 
nucleotides, in that the corrca nucleotides will be sequen- 
tially linked to form a chain of oucleotidcs which is comple- 
mentary to a sequence of nucleotides in target DNA or RNA. 
The nucleotides may be incorporated cither eozymaacaUy or 25 
via chemical synthesis. The nucleotides may be converted to 
their 5'0-dimcthoxyirityl-3*-(N.N-diisopropyl) 
phosphoramidite cyanocthyl ester derivatives, and incorpo- 
rated into synthetic oligonucleotides following the proce- 
dures in "Oligonucleotide Synthesis: A Practical Approach". 30 
supra. The N-protecting groups are then removed, along 
with the other oligonucleotide blocking groups, by post- 
synthesis anrinolysis. by procedures generally knowa in the 
an. 

In a preferred embodiment, the activated nucleotides may 35 
be used directly on an automated DNA synthesizer accord- 
ing to the procedures and instructions of the particular 
synthesizer employed. The oligonucleotides may be pre- 
pared on the synthesizer using the standard commercial 
phosphoramidite or H-phosphonatc chemistries. 40 

In another preferred embodiment, the amino- 
pyrazolopyrimidine nucleotide triphosphates may substitute 
for an adenine using the nick translation procedure, as 
described by Langer ct al„ Proc. Natl, Acad, Sci USA, 
78:6633-6637 (1981). the disclosure of which is incorpo- 45 
rated hcrdn by reference. 

The leaving group, such as a haioacyl group, may be 
added to the aminoalkyl tails ( — CHj^q — Y) following 
incorporation into oligonucleotides and removal of any 
blocking groups. For example, addition of an 50 
a-haloacctamide may be verified by a changed mobility of 
the modified compound on HPLC, coaesponding to the 
removal of the positive charge of the amino group, and by 
subsequent readdidon of a positive charge by reaction with 
2-araino-ethanethiol to give a derivative with reverse phase 55 
HPLC mobility similar to the original aminoalkyl- 
oiigonucleocide. 

In specific embodiments, each of the following clcctro- 
philic leaving groups were attached to an aminopropyl feTOup 
00 human papilloma virus (HPV) j^obcs: bromoacctyl, 60 
iodoacctyl and the less reactive but coofonnationaUy more 
flexible 4-bromobutyryl. Bromoacctyl and iodoacctyl were 
found to be of equal reactivity in crosslinking. 

An oligonuclcodde probe according to the invendoa 
includes at least one labeled substituted pyra2olo(3.4- 65 
dJpyrimidine nucleotide moiety of formula I and/or at least 
oociabcled substituted nucleotide base of formula r. 




Probes may be labeled by any ooc of several methods 
typically used in the an. A conamoo caethod of detection Ls 
the use of autoradiography with 'H. "S. **C. or 32P 
labeled probes or the like. Other reporter groups include 

5 ligands which bind to anobodies labeled with fluorophorcs. 
chcmiluminesccnt agents, and enzymes. Alternatively, 
probes can be conjugated direaiy with labels such as 
Suorophores. cheniilununescent agents, enzymes and 
enzyme substrates. Alternatively, the same components tnay 

10 be indirectly bonded through a hgand-antiligand complex, 
such as antibodies reactive with a ligand conjugated with 
labeL The choice of label d^nds on sensitivity required, 
case of conjugation with the probe, stability requirements, 
and available Instrumentation. 

15 The choice of label dictates the manner in which the label 
is incorporated into the probe. Radioactive probes are typi- 
cally made using commercially available nucleotides con- 
taining the desired radioactive isotope. The radioactive 
nucleotides can be incorporated into probes, for example, by 

20 using DNA synthesizers, by oick-oranslation. by tailing of 
radioactive bases to the 3' end of probes with tcnnijial 
transferase, by copying M13 plasmids having specific 
inserts with the Klenow fragment of DNA polymerase in the 
presence of radioactive dNTP's, or by transcribing RNA 

25 from templates using RNA polymerase in the presence of 
radioactive rNTP's. 

Non-radioactive probes can be labeled directly with a 
signal (e.g., fluorophorc. chetniluraincscenl agent or 
enzyme) or labeled indirectly by conjugation with a ligand. 

30 For example, a ligand molecule is covalently bound to the 
probe. This ligand then binds to a receptor molecule which 
is either inherently detectable or covalently bound to a 
detectable signal, such as an enzyme or photoreactive com- 
pound. Ligands and antiligands may be varied widely. 

35 Where a ligand has a natural "antiligand". namely ligands 
such as biotin. thyroxine, and Cortisol, it can be used in 
conjuDCtioa with its labeled, naturally occurring antiligand. 
Alternatively, any hapteaic or antigenic compound can be 
used in combination with a suitably labeled antibody. A 

40 preferred labeling method utilizes biotin- labeled analogs of 
oligonucleotides, as disclosed in Langcr et aL. Proc, NaiL 
Acad. Sci USA 78:6633-6637 (1981), which is incorpo- 
rated herein by reference. 

Enzymes of interest as reporter groups will primarily be 

45 hydrolases, particularly phosphatases, esterases, ureases and 
glycosidascs, or oxidorcductases, particularly peroxidases. 
Fluorescent compounds include fluorescein and its 
derivatives, rhodamine and its derivatives, dansyl. 
umbcUiferone, rare earths, etc Chemiluminesccrs include 

50 luciferin, acridinium esters and 2.3- 
dihydrophthalazinediones. e.g., luminoi. 

The specific hybridizatioa conditions are not critical and 
will vary in accordance with the investigator's preferences 
and needs. Various hybridization solutions may be 

55 employed, comprising from about 20% to about 60% 
volume, preferably about 30*. of a polar orgaxiic solvent. A 
common hybridization solution employs about 30-60% vA^ 
foimamide. about 0 J to IM sodium chloride, about 0.05 to 
O.IM buffers, such as sodium dnate, Tris HQ, PIPES or 

60 HEPES. about 0.05% to 0.5% detergent, such as sodium 
dodccylsulfatc, and between I-IO mM EDTA. 0.01% to 5% 
ficoU (about 300-500 kdal), 0.1% to 5% poiyvinylpyiroU- 
donc (about 250-500 kdal), and 0.01% to 10% bovine serum 
albumin. Also included in the typical hybridization solution 

65 will be unlabeled carrier nucleic acids from about 0.1 to 5 
mg/ml. e.g., partially fragmented calf thymus or salmon 
spcniL DNA, and/or partially fragmented yeast RNA and 
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opdoaaUy from about 0.5^ to 2^ wt.A^ol. glycine. Other 
additives may also be included, such as volume cxclusioa 
agents which include a variety of polar water-soluble or 
swellable ageots. such as anionic polyacrylatc or 
poly methylacry late, and charged saccharidic polymers, such 5 
as dextran sulfate. 

The particular hybridization technique is not essential to 
the invention. Hybridization techniques are generally 
described in "Nucleic Add Hybridizaaon, A Practical 
Af^roach". Haines and Higgins, Eds., IRJL Press. 1985; Gall lO 
and Pardue. Pmc. Nad. AauL ScL USA^ 63:378-383 
(1969); and John et aL, Naturr, 223:582-587 (1969). As 
improvements arc made in hybridization techniques, they 
can readily be applied 

The amount of labeled probe which is present in the 15 
hybridization solution may vary widely. Generally, substan- 
tial excesses of probe over the stoichiometric amount of the 
target nucleic acid will be employed to enhance the rate of 
binding of the probe to the target DNA. 

Various degrees of stringency of hybridization can be 20 
employed. As the conditions for hybridization become more 
stringent, there must be a greater degree of complementarity 
between the probe and the target for the formatioa of a suble 
duplex. The degree of stringency can be controlled by 
temperature, ionic strength, the inclusion of polar organic 23 
solvents, and the like. For example, temperatures employed 
will normally be in the range of about 20** to 80* C, usually 
25" to 75* C. For probes of 15-50 nucleotides in 50% 
formamidc. the optimal temperature range can vary from 
22*-65** C. With routine experimentation, one can define 30 
conditions which permit satisfactory hybridization at room 
temperature. The stringency of hybridization is also conve- 
niendy varied by changing the ionic strength and polarity of 
the reactant solution through manipulation of the concen- 
tration of formamide within the range of about 20% to about 35 
50%. 

Treatment with ultrasound by immersion of the reaction 
vessel into comraerdaily available sonication baths can 
oftentimes accelerate die hybridization rates. 

After hybridization at a temperature and time period 40 
appropriate for the particular hybridization solution used, 
the glass, plastic, or filter support to which the probe -target 
hybrid is attached is introduced into a wash solution typi- 
cally containing similar reagents (e.g., sodium chloride, 
buffers, organic solvents and detergent), as provided in the 45 
hybridization solution. These reagents niay be at similar 
concentrations as the hybridization medium, but often they 
arc at lower concentrations when more stringent washing 
conditions arc desired. The time period for which the 
support is maintained in the wash solutions may vary from 50 
minutes to several houn or more. 

Either the hybridization or the wash medium can be 
stringent. After apjHopriaie stringent washing, the correa 
hybridization complex may now be detected in accordance 
with the nature of the label 55 

The probe may be conjugated directly widi the labcL For 
example, where the label is radioactive, the suj^rt surface 
with associated hybridization complex substrate is exposed 
to X-ray film. Where the label is fluorescent, the sample is 
detected by first irradiating it with light of a -particular 60 
wavelength. The sample absorbs this light and then ^mits 
light of a different wavelength which is picked up by a 
detector ("Physical Biochemistr/*, Frcifeldcr, D., W. H. 
Rreeman & Co., 1982, pp. 537-542). Where die Ubcl is an 
enzyme, the sample is detected by incubation with an 65 
appropriate substrate for the enzyme. The signal generated 
may be a colored precipitate, a colored or fluorescent soluble 
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gcQcratcs a colored precipitate to indicate a positive reading. 
For example, aiicalinc phosphatase will dcphosphorylate 
5 indoxyl phosphate which then will participate in a reduaion 
reaction to convert tctrazoUum salts to highly colored and 
insoluble formazans. 

Detection of a hybridization complex may require the 
binding of a signal generating complex to a duplex of target 
and probe polynucleotides or nucleic acids. Typicafly. such 
binding occurs through ligand and antiligand interactions as 
between a ligand-conjugaled probe and an antiligand con- 
jugated with a signal. The binding of the signal generation 
complex is also readily amenable to accelerations by expo- 
sure to ultrasonic energy. 
15 The label may also allow indirect detection of die hybrid- 
ization complex. For example, where the label is a hapten or 
antigen, the sample can be detected by using anobodies. In 
these systems, a signal is generated by attaching fluorescent 
or enzyme molcaiics to the ana"bodics or in some cases, by 
20 attachment to a radioactive labcL (Tijssen. R, "Practice and 
Theory of Enzyme Immunoassays, Laboratory Techmques 
in Biochemistry and Molecular Biology", Burdon. R. H.. 
van Knippenbcrg, P. H.. Eds.. Elsevier, 1985. pp. 9-20). 

The amount of labeled probe present in the hybridization 
solution may vary widely, depending upon the narure of the 
^ label, the amount of the labeled probe that can reasonably 
••'^ bind to the cellular target nucleic add. and the precise 

stringency of the hybridization medium and/or wash 
rft medium. GcneraUy. substantial probe excesses over the 

stoichiometric amount of the target wiU be employed to 
^ enhance the rate of binding of the probe to the target nucleic 
acids. 

\U Xhe invention is also direacd to a method for idcntifymg 

U target nucleic acid sequences, which method comprises 

Lji ' utilizing an oUgonuclcotide probe including at least one 

labeled substituted nncicotidc moiety of formula I and/or 
formula T. 

i'^ In one cmbodimenc the method comprises the steps ot: 

Q (a) denaturing nucleic acids in the sample to be tested; 

i\ hybridizing to the target audcic acids an oligonuclc- 

; ^ otide probe induding at least one labeled substituted 

nudeotide moiety of formula I or formula T. wherein 
O the probe comprises a sequence complementary to that 

□ of the target nucleic adds; 

45 (c) washing the sample to remove unbound probe; 
(d) incubating the sample with detection agents; and 
(c) inspecting the sample. 

The above method may be conducted foUowing proce- 
dures well known in the arL 
30 An assay for identifying target nuddc add sequences 
utilizing an oUgonudeotide probe including at least one 
labeled substituted nudeotide moiety of formula I and/or 
formula V and comprising the above method is contemplated 
for carrying out the invendoo. Such an assay may be 
53 provided in kit form. For example, a typical kit wiU mdudc 
a probe reagent component comprising an oligonucleotide 
induding at least one labeled nucleotide naoicty of formula 
I or formula T, the oligonudeotidc having a sequence 
complementary to that of the target nudcic adds; a dcna- 
60 turation reagent for converting double-stranded nucleic acid 
to single-stranded nucleic add; and a hybridization reaction 
mixture. The kit can also indudc a signal-gcncratiiig system, 
such as an enzyme for example, and a substrate for the 

system. ^ 
65 The foUowing examples arc provided to illustrate the 
present invention without limiting same "KT means room 
temperature. 
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General 



Thin layer chromatography was performed on silica gel 
60 F 254 plates (Aiultech) using the foUowiog so vent 
nuxtures: A- 90% methylene ^^^^de: 10% methanol- B- 
50% ethyl acctate:50% hexanes: C- 70% ethyl acetate. 10% 5 
n.ethanol:10% wa.er:10% acetone: D- 50% «her-o0% he^ 
anes. Rash chromatography was performed using tOiriy* 
siHca (Merck). OUgOQudcotidcs were synthesized on an 
ADPU«1 Biosystems Model 380B Synthesizer. OUgooude- 
iSes were isotopicaUy Ubded using T4 Polytjucleohde lO 
kinase (BRL) and t-'^-ATP (New EngUnd Nudcar). 

EXAMPLE 1 

6<rritylamino)caproic Acid 

6-Anunocaproic add (26 g- 0.2 mole) was dissolved in 
dichloromethane (200 mL) by the addition of tnethyUrmne 
(100 mL). Tricyl chloride (120 g. 0.45 mole) w^^^dcd and 
thrsolut^on sdned for 36 hr. The resulting soluaon was 
fxtrald with IN HO and the organic layer evaporated to :o 
Syness. The residue was suspended 2-propanoUlN 
Sh (300 mUlOO mL) and refluxed for 3 hr. The so uuon 
waTeva^rated to a thick syrup and added to didUo- 
romethane (500 mL). Water was added and acidified. The 
Dhases were separated, and the organic layer dncd over 25 
£^ sulfate ^evaporated to dryness. T^e residue was 
suspended in hot 2-propanoL cooled, and filtered to give 
43.5 g (58%) of fr<ttityl-amino)caproic add. useful as an 
interroediate compound. ^ 
EXAMPLE 2 

5-(Tritylainino) 
pentylhydroxymcthylencraalononitrile 

To a dichloromethane solution of 6<Critylamino)-caproic 35 
acid (20.0 g. 53 mmolc) and triethylamine (20 mL) in an ice 
bath was added dropwise over 30 min isobutyl- 
Sloro^o^te (83 mL. 64 mmole). After the mixnire was 
S^S S^hr in an ice bath, freshly distilled malonooitnle 

St S mmole) was added all at once. The solu^n was « 
Itirxi for 2 hr in an ice bath and for 2 hr at CT^ The 
didiloromethane solution was washed witfi ice cold 2N HO 
iL).aad the biphasic mi^e was filtered to remove 
ioduct that predpitaied (13 J g).^ phases were separated 

orga'aic Uyer dried and evaporat«l to a thick s^p. 45 
TTie synip was covered with didiloromethane and on stand- 

filtered^nd dried to give 63 g for a total yidd of 19 5 g 
(87%) of the product whidi is useful as an mtermcdiatc. 

EXAMPLE 3 

5-Crritylaimno) 
pentylmcthoxymcdiylenemalononitrile 

A suspension of the malonoaitrile of Example 2 (13 g. 3 1 
nuioleS etherMdUoromethane (900 tnUlOO ^L). c«,^ 
in an ice bath, was treated with a ftcshiy P^'P'^^^*"^ 
Slutioo of diazomethane (from 50 mmole of D^d® 
(Aldrich Chemical Company)). Hie soluaon w^ sm^d for 
6 hr and then neutralized with acetic acid (10 mL). The 
solution was evaporated to diyness and the residue dtfty 
Lographed on silica gd using didJoromethane/acrtooe 
STlUs Ae eluenL Fractions containing product were pooled 
Ind evaporated to . syrup. TTie syrup tntura^l 
ddUoro^thanetoinduceaystallizat^on Tlieaysta^s^re 65 

Stered and dried to give 83 g(61%) of chroraatographicaUy 
pure product, useful as an intermediate compound. 
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EXAMPLE 4 

5- Amixio-3-( (5-crirylamiiio)pcntyI Ipyrazolc-4- 
carbonitriJc 



^ To a methanol soIutioD (100 niL) of the product of 
Example 3 (7.0 g. 16 mraolc) in ao ice bath was added 
hydrazine mooohydraic (7.8 mL. 160 mmolc) dropwisc over 
15 min. After stirring for 30 min in an ice bath, the solution 
was evaporated to dryness. The residue was suspended in 

*° cold methanol and filtered to give 7. 1 g (100%) of 5 -amino- 
3-((5-tritylanuno)pentyllpyra2ole-4-carbonitrile, useful as 
an intermediate, after drying. An analytical sample was 
prepared by recrystallization from water, 

15 EXAMPLE 5 

5-Amino-l-(2-deoxy-3.5-di-Q-foluoyl-^ 
E-crythrope ntofuranosyl)-3 -((5-tri tylamino) 
pentyl ]pyra2ole-4.-carbonitrile 



20 



An ice cold solution of the carbonitrile from Example 4 
(3-5 g. 8 mmolc) was treated with sodium hydride and stirred 
for 30 min at 0"^* C. l-Chloro-12^dcoxy-3 J-di-O- 
toluoylribofuranosc was added and the solution sticred for 1 
hr at 0**-4'* C The solution was poured into a saturated 
^ solution of sodium bicarbonate and extracted with dichlo- 
romethane. The organic layer was dried over sodium sulfate 
and evaporated to dryness. The residue was flash chroma to- 
graphed on silica gel using toluene/ethyl acetate (5/1) as 
clucnt. Two major products were isolated and identified as 
^ the N-1 and N-2 isomers in 57% (3.6 g) and 20% (1.2 g) N-1 
and N-2 yields, respectively Approximately 1 g of a mixture 
of N- 1 and N-2 isomers was also collected. Overall yield of 
glycosylated material was 5.8 g (92%). The N-1 isomer. 
5-amiQo-l-(2-deoxy-3.5-di-0-toluoyl-P- 
C-crythropeQtofuranosyl)-3-((5-tritylamino)-pcntyl] 
pyra2ole-4-carboQitriIe, was used without further purifica- 
tion in Example 6. 
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EXAMPLE 6 

l-(2-Dcoxy-P- 
D-crythropcntofuranosyl)-3-l5-(tricylamino)-pcQtyl] 
pyra2olo{ 3,4-d lpyrimidin-4-amine 

To a toluene (100 mL) solution of the pyrazolc^ 
carboniirilc of Example 5 (3.5 g. 4.4 mmolc) was added 
dietboxymcthyl acetate (1.1 mL, 6.7 mmoic). The solution 
was kept at 80''-90*' C. for 5 hr and then evaporated to a 
syrup. The syrup was dissolved in dichloromethane (10 mL) 
and added to ice cold methanolic ammonia (100 mL) in a 

50 glass pressure bottle. After two days at RT the contents of the 
bottle were evaporated to dryness. The residue was dis- 
solved in methanol and adjusted to pH 8 with freshly 
prepared sodium mcthoxide to complete the dcprotcctioa. 
After stirring overnight the solution was treated with 

^5 Dowex®-50 H+ resin, filtered, and evaporated to dryness. 
The residue was chromatographed on silica gci using 
acctone/hcxane (3/2) as clucnt to give 2.0 g (77%) of 
analytically pure product. 

60 EXAMPLE 7 

l-(2-Dcoxy-^ 
* C-erythropcntofuranosylV3-[5-(trityiamino>-pcatyI] 
pyrazolo{3,4-d]pyrimidin-4-amine 5*- 
5j monophosphate 

To an ice cold solution of the pyra2olopyrimidin-4-amine 
of Example 6 (250 mg. 0.43 mmole) in trime±yl phosphate 
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(5 mL) was added phosphoryl chloride (50 pL) and the 
soludoa was kqx ai 0*'-4'* C The rcactioQ was racwiitorcd by 
reversed phase HPLC using a linear gradient from 0 to 100^ 
acctooicriic in water over 25 min. After stirring for 5 hr. ao 
additioQai aiiquot of phosphoryl chloride (25 pL) was added 5 
and the solution was slincd another 30 min. The solution 
was poured into O.IM ammonium bicarbonate and kept in 
the cold overnight. The solution was then cxtraacd with 
ether and the aqueous layer evaporated to dryness. The 
residue was dissolved in water (5 roL) and purified by lO 
reversed phase HPLC using a 22ram x50cm CIS column. 
The column was equiUbrated in water and ciutcd with a 
gradient of 0 to 100% acetonitrile over 20 min. Fractions 
containing the desired material were pooled and lyophilizcd 
to give 160 mg (56%) of chromatographically pure nucic- 13 
otidc. 

EXAMPLES 

l-(2-Dcoxy-P-D-crythropcntofuranosyl) -3-<5-( (6- 20 
biotinaraido)-hexanamido]pcntyl)pyrazolo{3.4- 
dJpyTimidin-4-aminc 5'-moDOphosphatc. 

An ethanol solution ( 10 raL) of the Duclcotidc of Example 
7. palladium hydroxide oa carbon (50 rag), and cyclohcxa- ^ 
dicne (1 mL) was rcfluxcd for 3 days, filtered, and evapo- 
rated to dryness. The residue was washed with 
dichloromcthane. dissolved in DMF (1.5 mL) containing- 
tricthylamine (100 mL), and treated with N-hydroxy- 
succinimidyl biotinylaminocaproate (50 mg). After stirring ^ 
overnight an additional amount of N-hydroxysuccinimidyl 
6-biotinamidocaproate (50 mg) was added and the solution 
was stirred for 18 hr. The reaction mixture was evaporated 
to dryness and chxomatographed following the procedure in 
Example 7. Fractions were pooled and lyophilizcd to give 80 
mg of chromatographically pure biotinamido- substituted 
nucleotide. 

EXAMPLE 9 

l-(2-Deoxy-P- ^ 
E.-crythropcntofuranosyl)-3-(5-(6-biotinaraido)- 
hcxanamidopenty llpyrazolo(3 .4- 
dlpyrimidin^arainc 5'-triphosphate. 

The monophosphate of Example 8 (80 mg. ca. 0. 1 mmolc) 43 
was dissolved in DMF with the addition of tricthylamine (14 
pL). Carbonyldiimidazole (81 nag, 0.5 mmolc) was added 
and the solution stirred at RT for 18 hr. The solution was 
treated with methanol (40 ^iL), and after stirring for 30 min 
triburylammonium pyrophosphate (0.5 g in 0.5 mL DMF) 50 
was added. After stirring for 24 hr another aliquot of 
triburylammonium pyrophosphate was added and the solu- 
tion was stirred ovcmighL The reaction mixture was evapo- 
rated to dryness and chromatographcd following the proce- 
dure in Example 8. Two products were coUeaed and were 55 
each separately treated with cone ammonium hydroxide (1 
mL) for 18 hr at 55* C. UV and HPLC analysis indicated that 
both products were identical after anmionia treatment and 
were pooled and lyophilizcd to~gi^c 35.2 mg of nucleoside 
triphosphate. 60 

EXAMPLE 10 

Nick-Translation Reaction 

The triphosphate of Exam4)le 9 was incorporated into 65 
pHPV-16 using the nick tanslation protocol of Langcr ct al 
(supra) The probe prcpaied-uqth the triphosphate of 
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Example 9 was coraparrd with probe prepared using com- 
maciaily available bio-il-dUTP (Sigma Cheradcal Co). No 
significant diffcrcaccs could be observed in both a fiJtcr 
hybridization and in in situ smears. 
5 More spccificaiiy. tbe procedure involved the following 
materials and steps: 
Materials: 

DNasc (lO^T BiomcdicaJsH pg/mL 
DNA polymerase 1 (US, Biocbemicals)-8 U/mL 
PHPV-16-2.16 migAnL which is a plasraid containing the 
geoomic sequence of human papiUonaa virus type 16. 
lOX-DP-lM Tris,pH7 J(20 mL); 0.5M Dnnr(80 mL); IM 
Mga2(2.8 mL); H.O (17 mL) 
15 Nucleotides-Mix A-2 mM each dCJTP. dCTP. TTP 
(Pharmacia) 

Mix U-2 mM each dGTP. dCTP. dATP 
Bio-ll-dUTP-l.O mghnL (BRL) 
Bio.l2-dAPPIP-1.0 mg/mL 
Steps: 

To an ice cold mixmrc of lOX-DP (4 mL). pHPV-l6 (2 
mL), nucleotide mix A (6 mL). Bio-12-dAPFrP (2 mL). and 
H^O (20 mL) was added DNasc (1 mL) and DNA poly- 
merase 1 (2.4 mL). Tbc reaction mixture was incubated at 
^ 16° C. for 1 hr. The procedure was repeated using Bio-11- 
dUTP and nucleotide mix U in place of Bio-12-dAPPTP 
(comprising the triphosphate of Example 9) and oucieotide 
mix A. 

Nucleic acid was isolated by cthanol precipitation and 
hybridized to pHPV-16 slotted onto nitrocellulose. The 
^ ^ hybridized biotinylatcd probe was visualized by a 

M strcpuvidin-alkalinc phosphatase conjugate with BCIP/ 

i J NBT substrate. Probe prepared using cither biotinylatcd 

nucleotide gave identical signals. The probes were also 
tested in an in situ format on cervical smears and showed no 
qualitative differences in signal and background. 

EXAMPLE 11 

5-Aniino-3-((5-tritylamino)pcntyl]pyrazole-4- 
^ carboxamidc 

Following the procedure of Example 2. except that 
cyanoacctaraidc is used instead of malononitrile. 
5-(trity I ami no)penty thydroxymcthy lenecy anoacetamidCis 
prepared from 6-<trityiamino)caproic add. This is then 
treated with diazomcthane to give the methoxy derivative, 
following the procedures of Exartiplc 3. which is then 
reacted with hydrazine monohydrate. as in Example 4. to 
give 5-amiDO-3- ((5-tritylamino)pentyl]pyrazolc-4- 
^ carboxamidc. 

EXAMPLE 12 

4- Hydroxy-d-mcthyiihio-3- [(5-tritylamino)pe ncy 1 J 
pyrazoio-[3 .4-d]pyrimidine. 

55 The carboxamidc from Example 11 is reacted with potas- 
sium ethyl xanthate and cthanol at an elevated tempcrarure 
to give the potassium salt of 4-hydroxypyrazolol3.4- 
d]pyrimidine-6-thioL This salt is then reacted with 
iodoraethanc to give 4-hydroxy-6-methylthio-3-((5- 
50 tritylanmio)pcnryl]pyrazolo[3.4-djpyrimidinc. 

EXAMPLE 13 

H2-Dcoxy-^ 
Q-crythropcQtofuranosyl)-4-hydroxy-3-(5-(tritylaiiuno) 
^ pcntyllpyra2olo(3.4-d]pyrimidin-6-amine 

Following the procedure of Example 5. the pyrazolopy- 
rimddine of Example 12 is treated with sodium hydride and 
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reacted with l-chloro- K2-didcoxy -3 .5 -di- 
Q-toluoylribofuraDOsc. The rcsultiog compound is reacted 
with MCPBAaod with mcthanolic ammooia. and the toluoyl 
protecting groups arc removed to give the produce 
EXAMPLE 14 

l-(2-Dcoxy-p- 
D-cryihropeDtofur^osyi)^hydroxy-3-l5-(6-btotm 

amido)hexanamidopentyl]pyra2olo{3 .4- 

d]pyrimidin-6-araine 5'-moaophosphatc. 

FoUowing the procedure of Example 7. the pyrazolopy- 
rimidinc of Example 13 is reacted with phosphory I chiondc 
to give the corresponding 5'-monophosphatc. 

FoUowing the procedure of Example 8. the above 
5^monophosphatc is reacted with palladium/carbon and 
cyciohcxadicne. and the residue is reacted with N-hydroxy- 
succinimidyi biotinylaminocaproatc to give l-(2-deoxy-p- 
e-erythropcntofuranosylH-hydroxy-3-[5-(6-biotinanudo) 
hexanamidopcntyllpyra2olol3.4-d]pyrimidin-6-aminc 

5*-monophosphate. 

EXAMPLE 15 

l-(2-Dcoxy-^ 
e-erythfopentofuranosyl)-4.hydroxy-3-[5-(6-biotin 
amido)hexanamidopentyllpyra2olol3.4- 
d)pyriniidin-6-amine 5'-triphosphatc 
Following the procedure of Example 9. the 
S'-monophosphate of Example 14 is treated with carboayl- 
diimidazole and then reacted with tributylammonium pyro- ^ 
phosphate to give the corresponding 5'-triphosphate, 

EXAMPLE 16 

l.(2-Dcoxy-^ 
2.crythropentofuranosyl)-3-l5-(tritylamino)-pencyI 

]pyra2olol3,4-d]pyrimidinc-4-bcnzoylaiiune 

l-(2-Dcoxy-p- 
D-CTythropcntofuranosyl>-3-l5-{trityiamino)pcntyllpyTa 

2olo(3.4-dlpyriraidine^amine from Example 6 is reacted 

with benzoyl chloride and pyridine to give l-(2-dcoxy-33- ^ 

di-Q-benzoyl-^ 

2-crythro-pcntofuranosyl)-3-[5-(tritylaniino)pentyllpyra 
zolo(3.4-dl-pyriinidinc-4-dibeazoylamine. This is treated 
with aqueous sodium hydroxide to partially deprotcct the 
compound. giving l-(2-dcoxy-P- ^5 

G-erythropcntofuranosyl^345Ktritylamino)pcntyl]pyra2olo 

(3 .4-d]pyTimidinc-4-bc nzoyl amine. 

EXAMPLE 17 

l-{2-Dcoxy-P- 50 
Q.crythropcntofuranosyl)-3-l5-(tiifluoroacciamido) 
pcntyllpyrazolo(3 .4^pynmidine^bcn2oy Umine 
FoUowing the procedure of Example 8, the bcnzoylarainc 
of Example 16 is treated with palladium hydroxide on 
carbon and then with tiifluoroaccdc anhydride to give H2- 55 

d c o X y - ^ n* 

J>erythropentofuranosyl)-3-(5Ktrifluoroacctamido)pentyl] 

pyrazolo[3 ,4-d]pyrimidinc^bcnzoylaminc. 

EXAMPLE 18 

. l-(2-Dcoxy-5-i>diracthoxytrityl-p- 
l^erythropcntoftiranosyl)0-(5-(trifluoroacctamido) 
pcntyllpyra2olo(3.4-ii]pyrimidinc^bciuoylaminc 
3*-Q-{N>f-diisopropyl)phosphoramiditc cyanoethyl 

ester 65 
The compound of Example 17 is reacted with dimediox- 
ytrityl chloride and pyridine to give the corresponding 
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5**<lunethoxytriryl compouod. This corapouod is thco 
reacted with cyaoocthyl chloro-N-N-diisopropyl- phos- 
phonimiditc (according lo the method of Sinha ct ai.. 
Nucleic Acids Res., 12:4539 (1984)) to give the J- 
Q-activatcd nucleoside. 

EXAMPLE 19 

5-(4-Phthaliimdobut- I-yn- I-yl)-2'-deoxyuridine 

5-Iodo-2'-deoxyuridinc 054 mg. 1 nunoi) was dissolved 
in 10 mL of dimcthylfonnamide. C^iprous iodide (76 nag. 0.4 
mmol), tctralds{triphcnylphosphine)palladium(0) (230 mg. 
0.2 mmol). and triethylamine (200 mg. 2,0 mmol) were 
added- 4-Phthalimidobut-l-ync (300 mg, iJ mmol) was 
added all at once and the reaction kept at 60** C. for three 
hours. The clear yellow reaction was then evaporated and 
methylene chloride was added. Scratching of the flask 
Induced crystallization of nearly all of the product which 
was filtered and rccrystallizcd from 95*3b ethanol to give 335 
raLg (78%) of title compound as fine, feathery needles. 
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EXAMPLE 20 

□ 5-(4-Phthalimidobut-l-yl)-2'-dcoxyuridine 

, r=z 25 

1.00 Gram of deoxyridinc from Example 19 was dis- 
solved in 95% EtOH and about 3 g of neutral Rancy nickel 
i,g was added. After 48 hours, the catalyst was removed by 

i jI cautious filtration and the filtrate was evaporated to a solid 

which was recrystallizcd from methanol- water to give 960 
m:g (97%) of the title compound. 

EXAMPLE 21 
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5-(3-Iodoacctamidopropyl)-2'-deoxyuridine 



5-(3-Trifiuoroacctamidopro{>- I-yl)-2*-dcoxyuridine (03 
mmol) is created with ammonia and then with N-hydroxy- 
suocinimidyl a-iodoacctate (OJ mmol). The reaction mix- 
ture is evaporated to dryness and purified by cfaromatogra- 
=3 40 phy to give 5-(3-iodoacctamidopropyl)-2*-dcoxyuridine. 

^3 EXAMPLE 22 



5-(4-{4-Bromobutyramido)butyl)-2*-dcoxyuridine 

Following the procedure of Example 21. 5-(4- 
phthalimidobut-l-yiy-T-dcoxyuridine, from Example 20, is 
treated with ammonia and then with N-hydroxysuocinimidyl 
4-bromobutyratc to give 5-(4-(4-bromobuTyramido)buryl>- 
2'-deoxyuridinc. 

Preparation of Synthetic Oligonucleotides 
EXAMPLE 23 
Phosphoramiditc Preparation and DMA Synthesis 

Nucleosides were y-dtoiethoxytritylatcd, following 
known procedures, to give around 85% yield, and the 
3'.phosphoramidite was made using diisopropylamino 
^-cyanorthylchlorophosphitc (as described in "Oligonudc- 
60 otidc Synthesis: A Practical Approach", supra) with 
diisopropyl-cthylamine in methylene chloride. The phos- 
phoramiditc was made into a 0.2N solution in acetooitrile 
and placed on the automated DNA synthesizer. Incorpora- 
tion of these new and noodified phosphoramiditcs gave 
65 incorporation similar to ordinary phosphoramidites 
(97-99% as judged, by assay of the trityl color released by 
UV.) 
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OLigoaudeotidcs were removed from the DNA syoihc- 
sizcr in critylatcd fonn and deblocked using 30% amraooia 
at 55* C. for 6 hours. Tea \iL of 0.5M so<liuni bicarbonate 
was added to prevent acidification during concentration. The 
oligonucleotide was evaporated to dryness under vacuum 5 
and rcdissolved in 1.0 mL water. The oiigonucleotides were 
purified by HPLC using 15-55% acetoaitrile in O.IN iri- 
ethylammonium acetate over 20 icinutcs. UnsubsticuCed 
oligonucleotides came off at 10 minutes; amino derivatives 
took 11-12 minutes. The desired oligonucleotide was col- lO 
Icacd and evaporated to dryness, then it was rcdissolved in 
80% aqucoos acetic acid for 90 minutes to remove the trityl 
group. Desalting was accomplished with a G25 Sephadex 
column and appropriate firactions were taken. The fractions 
were concentrated, brought to a specific volume, dilution 15 
reading taken to ascertain overall yield and an analytical 
HPLC done to assure purity, oligonucleotides were frozen at 
-20** C. until use. 

Following the above procedures, the nucleoside 5-(3- 
trifluoroacctamidoprop-l-yl)-2'-dcoxyuridinc was con- 
verted to the 5'-0 -dimethoxytrityl-3'-(NJ^-diisopropyl) 
-phosphoramidite cyanocthyl ester derivative. This was 
added to a DNA synthesizer and the following 14-racr 
oligonucleotide sequence was prepared: 

25 

3*^ TCC U'TC TAG GTC-S* 

where U* is 5-(3-aminoprop-l-yl>-2 '-dcoxyuridinc (oligo 
A). 

In the same manner. 5-(4-phthalimidobui-l-yl) -2'- jq 
dcoxyuridinc was converted to the 5*-0-dimethoxyirityi-3'- 
(N-N-diisopropyl)phosphoramiditc cyanoethyl ester deriva- 
tive and added to a DNA synthesizer to prepare the above 
l4-mer oligonucleotide sequence where is 5-(4- 
aminobut-l-yl>-Z-dcoxyuridine (oligo C). _ 35 

A coaesponding 14-mcr oligonucleotide was also pre- 
pared where is the unmodified dcoxyuridinc. 

EXAMPLE 24 

Derivatization of Oligonucleotides 

In general, to add the crosslinking arm to an 
arainoallcyloligonucleotide. a solution of 10 pg of the ami- 
noallcyloLigonucleoude and a lOOX molar excess of 
D-hydroxysuccinimidc haloacylate such as a-haloacetatc or 45 
4-halobutyralc in 10 jiL of O.IM borate buffer, pH 8.5. was 
incubated at ambient temperature for 30 min. in the dark. 
The entire reaction was passed over a NAP- 10 column 
equilibrated with and elutcd with distilled water. Appropri- 
ate fractions based on UV absorbance were combined and 50 
the concentration was determined spcctrophotoraccrically. 

Introduction of the haloacyl inoicry was examined by 
HPLC. A Zorbax® oligonucleotide column (Dupont) elutcd 
with a 20 minute gradient of 60% to 80% B composed of: 
A (20% acctonitrilc:80% 0.02 N NaHJ^OJ and B (1.2 N « 
NaQ in 20% acctonitrile:80% 0.02 N NaH^POJ. The 
presence of a reactive a-haloacyl moiety was indicated by 
return of the retention tiioe of the a-haloacylamidoalkyl 
oligonucleotide (o the corresponding aminoalkyl oligonude- 
oddc after exposure to IN cystcamine. Introduction of ^ 
cysteaminc creaicd equivalent charge patterns between the 
aminoalicyl oligonucleotide and the a-haloacylamido oligo- 
nucleotide 

Following the above procedure, the 14-mcr oligonucle- 
otide: ^ 

y-cr TCC u*TG tag crc-y 
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where U* is 5-(3-axnijQOprop-l-yl)-r-clcoxyuridiDc (oUgo A. 
Example 23). was reacted wiih o-hydroxysucciaimidc 
a-iodoacetaie to give the above i4-mcr oligODuclcotidc 
where is 5-(3-iodoacetamidoprop-l-yl)-2'-deoxyuridiiie 

3 (oligo B). 

Oligo A and oligo B. as well as the above 14-racr where 
U* is the unmodified dcoxyuridine were resolved in the 
Zorbax column, ail of identical sequence, with the foUowing 
retention times: unmodified 14-mcr. 9.31 min; aminopropyl 
10 14-raer (oligo A). 136 min; and iodoacctamido-propyl 
14-mer (oligo B), 10.09 min. 

In the same manner, the aminopropyl 14-mcr (oligo A) 
was reacted with N-hydroxysuccimmidc 4-broraobutyratc to 
give the 14-mer where is 5-<3-<4-bromobutyramido) 
15 prop-l-yl)-2'-dcoxyuridine. 

Also, the aminobutyl 14-mer (oUgo C. Example 23) was 
reacted with either N-hydroxysuccinimidc a*iodoacctate or 
N-hydroxysuccinimidc 4-bromobutyrate to give the 14-mcr 
where is 5-(4-iodoacetaraidobut-l-yl>r-deoxyuridine or 
20 5-(4-(4-bromobutyramido)but-l-yl)-2'-deoxyuridine. 
respectively. 
Assays 

EXAMPLE 25 
^ Assay of QosslinJdng Rcactioo 

reaction of crosslinJdng a DNA probe to a target 
■iS nucleic acid sequence contaiaed 1 pg of haloacyl- 

i U amidoalk7l probe and 10 og of ^=P-labeled cordycepin-tailed 

i^ll 30 target in 200 of O.IM Tris, pH 8.0, and 0.9M NaQ 

: " incubated at 20° or 30° C. Aliquots were removed at 24- or 

72-hour intervals and diluted in 20 jiL of 10 mM cysieammc 
LU to quench the haloacylamido group. These solutions were 

stored at KT. and 1 jiL was used for analysis by denaturing 
35 polyacrylamidc gel electrophoresis (PAGE). 

FoUowing the above procedure, two model oligonucle- 
otide sequences were utilized to evaluate the crosslinJcagc 
i'-^ potential of the modified probe to its complement The 

=,Q sequences, derived from human papilloma-virus (HPV) or 

human cytomegalovirus (OfV). arc shown below: 

HPVSysicm: _ 
5 10 15 20 25 30 

J i » • ' 

-4- Target: 5*-AGA CaG CAC AGA ATT CGA AGG AAC ATC CAG-S' 

^ Pmte- T - C T TCC UTG TAG CCT-y 



□ 



^ ^ . Probe: 

^ CMV Sy: 



5 10 15 20 

t i I * 

Target: 5*-ACC GTC CIT GAC ACG ATC GAC TCC-T 
50 y , GAA CTG TGC UAC CrC-5" 

U s S-IH^-lodo^ascamidoV or ^-('Mjroajobaiyr- 

nnido>-pfOpyl}-2'-dooxyundioe, or 
U - 543-{a-iodoacetamido> or 4-(-<-broa)oburyr- 
~ amido)-butyl)-r-deoxyuridinc. 

55 



The target for HPV is a 30-mcr, and for CMV it is a 
24-mcr. The crosslinldng probes were a 14-mcr for HPV and 
two 15-mcrs for CMV. Each prcbc contained a single 
60 modified dcoxyuridine designated as U in the sequences 
above. 

Results of the reaction of HPV target with a limiting 
amount of crosslinldng probe containing a 5-(3- 
iodoacctamidopropyl) sidearm arc shown in FIG. 2. Analy- 
65 sis of the cleavage pattern on a denaturing PAGE gel showed 
the loss of the crosslinkcd hybrid with the concomitant 
appearance of a discrete low molecular weight band. The 
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mtcDsicy of this band was dependent upon the extent of 
CTOSslinkagc in the initial rcactioQ.Thc localization of signal 
into two discrete bands on the gel strongly argues that no 
non-sequencc-dirccted allcyiation of either target or probe 
strands had occurred (including intramolecular probe 5 
alkylation). 

Comparison to an authentic 15-mcr rrin in an adjacent 
lane suggested that the major cleaved fragment Ls a 9-mcr. 
Upon close examination of the original autoradiograni. a 
slower moving band of very weak intensity was visible. This 1° 
pattern would be consistent with major alkylation at G-21 
and minor alkylation at G-20. An examination of a Drciding 
model of the aosslinkable HPV hybrid shows that the 
5-(3-iodoacctamidopropyl) sidearm can contact the G-21 
residue of the target strand with only minor distortion of the 
helix. 

If alkylation occurs predominately at a guanosine on the 
target strand located two units on the 5* side of the modified- 
dcoxyuridine base pair, the CMV sequence should not reacL ^ 
This result was in faa observed. The absence of reaction 
with CMV further supports the specificiry of aosslinking 
scheme of the invention- 
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p EXAMPLE 26 

:z Time and Temperature Dependence 

Time and temperature dependence studies were carried 
h out with the HPV system of Example 25 where U is 

5.(3-iodoacetamidoprop-l-yl)-7-deoxyuridine. The target 30 
U was ^^-labeled by cordyccpin tailing with terminal trans- 

fcrase (Maniatis ct al. "Molecular Cloning— A Laboratory 
Manual". Cold Spring Harbor Laboratory. 1982. p. 239) and 
incubated with excess probe in a pH 8.0 Tris buffer at either 
20* or 30** C. Aliquots were removed after 0, 24. or 72 hours 



SEQUENC 



Q ( 1 ) GEKERAL INPORMABON: 

Q ' ( i i i ) NUMBER OF SEQUENCES: 5 



( 2 )INT=ORMAnON FORSEQCDfJO:!: 

( i ) SBC5UENCE CHARACTERISTICS: 
( A ) LENGTH: Ub*»cp«in 
( B ) TYPE: Buddc acid 
{ C ) STRANX>EDNESS: liaglc 
-p. \ ( 0 )TO«X.OOY: fiw 

{ \ X ) FEATURE; 

i ( B ) UXATION: 9 

/ ( 0 )OTHERINP0RMXnON:/DoiD=»'tJin«Tl« 

( i X )FEAIURE: 

( A ) NAMErtCEY: n»fifieij>«*e 
( B ) ijOCAnON: 9 

( D ) OTHER D^FORMAnON: Anrt»» U naj bo 

( I X )FEAIUR£: 

< A ) NAME/KEY: aoo&fiod-bwe 
( 8 ) UXAnON: 9 

( D ) OTHER INPORMXnON: Awte*- -Vamyhciha 



( i % )FEAIUR£: 

( A ) NAME/KEY^ uj o rfiftffi ^ Uw 
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incubatioo. qucocbcd with an equivalent volume of 10 mM 
mcrcaptocthylajniiic (which reacts with the iodoacetamidc). 
and stored at RT for subscqucot analysis by denaturing or 
□on -denaturing PAGE. 

CrossUnJcagc of the hybrid, which was mooitorcd by 
denaturing PAGE, was evident for the 24 and 72 hour time 
points at both temperatures (sec FIG. 3). The amount of 
crossLtnkcd hybrid increased with bodi temperature and 
time. Approximately 20% of the hybrid was crosslinJccd 
after 72 hours incubation at 30"* C 

Separate experiments at a range of temperatures indicated 
that the half-life for crosslinidng at 37** C is approximately 
2 days, and that the reaction is complete after 24 hours at 58** 
C. This time-dependent reaction implies that the iodoaccta- 
mido moiety docs not hydrolyze or react with the buffer. The 
increased reaction rate at higher temperature indicates that 
the hybrid is maintained, and subscquendy the rate of 
alkylation shows the expected increase with temperature. 

^ EXAMPLE 27 

Site Specificity of Alkylation 



Cn To elucidate the site specificity of alkylation. the 

ijO 25 crossliiikcd HPV hybrid of Example 25 (where U is 5-(3- 

I si iodoacctamidoprop-I-yl>-2*-deoxyuridine) was subjected to 

a 10% pipcridinc solution at 90" C. for 60 minutes. As 
^ ^ shown by Maxara ct aL {Fmc. NarL Acad, Sci. USA 74: 560 

(1977), this treatment quandtativcly cleaves the target strand 
i y 30 3*-to the site of alkyLatioa. The resulting data indicated that 

the alkylation of the second guanine above the crosslinkcr- 
!" . modified base pair (i.e.. the guanine above the target base) 

was the exclusive action observed, indicating that the 
O crosslinking reaction in the HPV model system is remark- 

i,^ ably specific. 
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-conQQuc- 



( B iLOCAHOK: 9 

( 0 ) OTHER INFORMXnON: /ootc= U may be 

5.(3. toctatrrf amtrtoprop- 1- yl>r -<faoiyiridiDe" 

( i X >FEXnm£: 

( A ) NAME/KEY: mo d ifiM-hwi r 
{ B ) LOCAHON: 9 

( D ) CTHER INFORMXnON: /ooco= U nury be 

5^4- bTOaiobt*ytMnido)(TOp-Nyl>r-<kMycodio 



( i X )FEArURE: 

( A ) NAME/yffiY: m o rf i fiffl — h «»e 
( B > LjOCAHON: 9 

( D ) OTTHER DWRMAnON: /twwa U may be 

5.(4- M ^ ha i < fwn i rto but-l'yiVr-deoTyuriABe" 

{ i X )FEAIUR£; 

( A ) NAME/KEY: a yiri i fi r d ,ha vi 
( 8 ) LOCAHON: 9 

( D ) OTHER INFORMXnON: /oot^ "U may bo 

5^4-(4- hraiiob«yi«mdo)6uf.l-yiVr-dBoxyT»idi»-- 

( X i )SBQUENCE DESCRIPTION: SEQ ID NO: 1: 

CTOGATOTUC CTTC 



( 2 ) INPORMAITON FOR SEQ ID NOC: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 30 bue p«r» 
( a ) TYPE: ottckie acid 
( C ) STRANDEDNESS: sm«k: 
( D ) TOPOUX}Y: Uncjr 

( I i ) SEQUENCE DESCRIPTION: SEQ CD NQ-i 

aGacaocaca gaaTtcoaao gaacatccag 
( 2 ) information for seq id noo: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1* bwc jwin 
( B ) TYPE: wclcic acid 
( C ) STRANDEDNESS: liagic 
( D ) TOPOLOGY: lioear 

( i X ) FEAIURE: 

( A ) NAMEOCEY: inejdifietLboc 
( B ) LOCAXION: 9 

( D ) OTHER [NPORMAnON: /ooeoa U m«y be 

5- 13- («^ih».iodo«»uoikk>Hiropyil-r-do6iy^^ 



( i X ) FEATURE: 

( A ) NAME/KEY: ainfi ift rd„h «>o 
( B ) LOCAHON: 9 

( D ) OTHER INPORMATION: /ootoa "TJ may be 
5.(3- QataaxJeurrmixi&iygK^^ 

( i X )FEArUR£: 

( A ) NAWE/KEY: m o riifWul ^ h^^T 
( B ) LOCAHON: 9 

( D ) OTHER INPORMATION: /oote- nj may be 

( i X )FEArUR£: 

( A ) NAME/KEY: modi5e(L-b-« 
( B ) UXAHON: 9 

( D ) OTHER INPORMAnON: /oottP. -U mjrr bo 

( X i ) SEQUENCE DESCRffTlONrSBQ ID NO-J: 
CTOGATOTUC CTTC 



( 2 ) INPORMAITON POR SEQ ID NO:*: 
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